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DETAILED ACTION 

Claim Rejections- 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 :U.S.C112: 

the specification-shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. . 

:2f Claim 77 is rejected under 35 ttS.C. 112, second paragraph, as being indefinite for failing 
to particularly point out and distinctly claim the subject matter which applicant regards as the " 
invention; 

Claim 77, in lines 2-3, the phrase "the over-etching comprises varying at least one of the 
gases" fails to clarify whW is me varying at least one of the gases? 

Claim Rejections -35 USC § 102 

3. . The : following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the 
basis forthe rejection^ 

'': A person-shall be entitled to a patent unless - 

• ; (e) ^e invention was described in (1) an application for patent, published under section 1 22(b), by another filed 
m the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
■. patent by another filed in the United States before the invention by the applicant for patent, except that an 
. mternational application filed under the treaty defined in section 35 1(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
. States and was published under Article 21(2) of such treaty in the English language. 

4. Claims 69-71, 73 and 75 are rejected under 35 U.S.C. 102(e) as being anticipated by US 
Patent No. 6,350,655 to Mizuo. 

Regarding claim 69, Mizuo (figures 1 A-7) teaches a method of forming an isolation 
trench in a semiconductor material comprising: 
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forming a masking layer (3) over a semiconductor substrate (1); 

etching through the masking layer (3) and exposing an upper surface of the semiconductor 
substrate (1), the etching comprising over-etching through the upper surface of the 
semiconductor substrate (1) while some of the masking layer masks some of the substrate (1) to 
form a first isolation trench portion (4) within the semiconductor substrate (1), the first isolation 
trench portion (4) having a first depth within the semiconductor substrate (1) and having a first 
sidewall intersecting the upper surface of the semiconductor substrate (1) at a first angle (70°)| 

forming a second isolation trench portion (7) within the semiconductor substrate (1), the 
second isolation trench portion (7) being formed within and extending below the first isolation 
trench portion (4), the second isolation trench portion (7) having a second depth within the 
semiconductor substrate (1) and including a second sidewall intersecting the first sidewall at an 
angle (80 o -90°) with respect to the upper surface that is greater than the first angle; and 

filling the first (4) and second (7) isolation trench portions with dielectric material (10) 
(column 10, lines 3-8). 

Regarding claim 70, Mizuo teaches the masking layer comprises a silicon nitride layer (3). 

Regarding claini 71, Mizuo teaches the masking layer comprises an oxide layer (2). 

Regarding claim 73, Mizuo teaches the over etching (forming first isolation trench portion 
[4]) comprises an environment of etch gases (column 8, lines 57-59), and forming of the second 
isolation trench portion (7) comprises a different environment of different etch gases (column 9, 
lines 41-44). 
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Regarding claim 75, Mizuo teaches the etching (etching the masking layer) and the over- 
. etching (forming first isolation trench portion [4]) comprises a plasma environment of etch gases 
(column 8, lines 52-59). 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may hot be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
• having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
mariner in which the invention was made. 

6. Claims 1-4 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable over US v 
Patent No. 6,350,655 to Mizuo. 

Regarding claim 1 , Mizuo (figures 1 A-7) teaches a method of forming an isolation trench 
in a semiconductor material comprising: 

forming a first isolation trench portion (4) within a semiconductor material (1 ) with a first 
gas mixture (column 8, lines 57-59), the first isolation trench portion (4) having a first depth 
within the semiconductor material (1) and having a first sidewall intersecting a surface of the 
semiconductor material at a first angle (70°); 

forming a second isolation trench portion (7) within the semiconductor material (1) with a 
second gas mixture (column 9, lines 41-44) different from the first gas mixture, the second 
isolation trench portion (7) being formed within and extending below the first isolation trench 
portion (4), the second isolation trench portion (7) having a second depth within the 
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semiconductor material (1) and including a second sidewall intersecting the first sidewall at an 
angle (80°-90°) with respect to the surface that is greater than the first angle; and 

filling the first (4) and second (7) isolation trench portions with dielectric material (10) 
(column 10, lines 3-8). 

Mizuo teach forming the first isolation trench portion (4) comprises forming the first 
isolation trench portion to have a first depth about 50 percent of a sum of the first and second 
depths within the semiconductor material (the depth of the first trench [4] is about 2000 
, Angstroms [column 9, lines 22-23]; the depth of the second trench [7] is about 2000 Angstroms 
[column 9, lines 59-60]; the total of [4] and [7] is about 4000 Angstroms [column 9, lines 60-" 
62]). ■■ . " " . '. ' 

Mizuo differs from the claimed invention by not showing the first isolation trench portion 
to have a first depth of between five and thirty percent of a sum of the first and second depths 
withirisemicoriductdr material. It would have been obvious to one having ordinary skill in the 
art at the time the invention was made for the first isolation trench portion to have a first depth of 
between five and thirty percent of a sum of the first and second depths within semiconductor 
material because it reduces the size of the trench. Furthermore, it has been held that where the 
general conditions of a claim are disclosed in the prior art, discovering the optimum or workable 
ranges involves only routine skill in the art. In re Aller, 1 05 USPQ 233 . 

Regarding claim 2, Mizuo teaches forming the second isolation trench portion includes 
forming the second angle about 80°-90° (column 9, lines 50-51). 
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Regarding claim 3 , Mizuo teaches forming the first isolation trench portion (4) includes 
forming the first angle about 70° (column 8, lines 57-64) and forming the second isolation trench 
portion (7) includes forming the second angle about 80°-90° (column 9, lines 50-5 1). 

Regarding claim 4, Mizuo teaches the semiconductor material (!) comprises silicon 
(column 8, lines 40-41). 

Regarding claim 12, Mizuo teaches forming the first isolation trench portion (4) 
comprises forming the first isolation trench portion including a sidewall at least some of which 
forms a substantially straight linear segment. 

7. Claims 5', 13-17, 19 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable - . 
over US Patent No. 6,350,655 to Mizuo in view of US Patent No. 5,801,083 to Yu et al. and US 
Patent No. 6,380,095 to Liu et al. 

Regarding claim 5, the disclosures of Mizuo are discussed as applied to claims 1-4 and 12 

.above. 

Mizuo further teaches forming a silicon nitride layer (3) over the semiconductor material 
surface (1). Mizuo differs from trie claimed invention by not showing forming a masking layer 
having ah opening disposed therein atop the silicon nitride layer, the opening including 
sidewalis. However, Yu et al. (figure 1 ) teach forming a photoresist layer (4) on the silicon 
nitride layer (3). Therefore, it would have obvious to one having ordinary skill in the art at the 
time the invention was made for forming a photoresist layer on the silicon nitride layer because it 
prevents damage for below layer. The combined device show forming a masking layer having 
an opening disposed therein atop the silicon nitride layer, the opening including sidewalis. 
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Mizuo differs from the claimed invention by not showing plasma etching through the 
silicon nitride layer using plasma conditions that also deposit a polymer on the sidewalls; . ■ ■ 
continuing the plasma etching for a predetermined time interval after the silicon nitride layer has 
been etched through and continuing to deposit polymer on the sidewalls to form the first 
isolation trench portion using the same plasma conditions; and stopping the etching and 
depositing at the end of the predetermined time interval. However, Yu et al. (figures 1-3) teach 
forming a polymer ia Therefore, it would have been obvious to one 

having ordinary skill in the art at the time the invention was made to incorporate the teaching of 
Yu et al. into the device taught by Miziio because it eliminates the top corner wraparound and 
protects the sidewalls against an etching attack from the etching gas. the combined device show 
plasma etching through the silicon nitride layer using conditions that also deposit a polymer on 
the sidewalls; continuing etching foi a predetermined time interval after the silicon nitride layer 
has been broached and continuing to deposit polymer on the sidewalls; and stopping the etching 
arid depositing at the end of the predetermined time interval. 

the combined device differs from the claimed invention by not showing the masking 
layer sidewalls; However, Liu et al. teach the masking layer sidewalls (column 13, lines 37-42). 
Therefore, if would have been obvious to one having ordinary skill in the art at the time the 
invention was made to ^corporate teaching of Liu et al. into the device taught by Mizuo and Yu 
et al. because it protects the sidewalls of the trench. The combined device shows the opening 
including masking layer sidewalls; plasma etching through the silicon nitride layer using plasma 
conditions that also deposit a polymer on the masking layer sidewalls and continuing the plasma 
etching for a predetermined time interval after the silicon nitride layer has been etched through 
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and continuing to deposit polymer on the masking layer sidewalls to form the first isolation 
trench portion using the same plasma conditions. 

Regarding claim 13, the disclosures of Mizuo, Yu et al. and Liu et al. are discussed as . 
applied to claim 5 above. 

Mizuo, Yu et al. and Liu et al. differ from the claimed invention by not showing forming 
the first isolation trench portion comprises etching the first isolation trench portion using gases 
including CF 4 .andCHF3 ^ in a ratio of CF 4 /CHF 3 from 0. 1 1 to O^ It would have been obvious 
to one having ordinary skill in the art at the time the invention was made for forming the first 
isolation trench portion comprises plasma etching the first isolation trench portion using gases 
including CF 4 and CHF 3 in a ratio of C F4 /CHF 3 = 0.1 1 to 0.67 because it reduces the size of the 
trench. Furtherhiore, it has been held that discovering the optimum or workable ranges involves 
only routine skill in the art. In re Aller, 105USPQ233. 

Regarding claim 14; the disclosures of Mizuo, Yu et al. arid Liu et ah are discussed as 
applied to claim 13 above. 

Regarding claim 15, Mizuo teaches forming the first isolation trench portion (4) 
comprises forming the first isolation trench portion including a sidewall at least some of which 
forms a substantially straight linear segment. 

Regarding claim 16, the disclosures of Mizuo, Yu et al. and Liu et al. are discussed as 
applied to claim 13 above. 

: Regarding claim 17, the disclosures of Mizuo ? Yu et al. and Liu et al. are discussed as 
applied to claim 13 above. 
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Regarding claim 19, the disclosures of Mizuo, Yu et al. and Liu et al. are discussed as 
applied to claim 13 above. 

Regarding claim 21, the disclosures of Mizuo, Yu et al. and Liu et al. are discussed as 
applied to claim 13 above. 



over 



8. Claims 6, 7, 65 and 66 are rejected under 35 U.S.C. 103(a) as being unpatentable . 
Miziio and Yu ct al. in view of Liu et al., and further in view of US Patent No. 6,383,93 1 to 
Flintier et al: 

Rfegardiiig clairii .6, the disclosures of Mizuo; Yu et al. and Liu et al, are discussed 'as 
applied to claim 5 above, the combined device further teach providing a mixture of gasses 
chosen from CF 4 and CH F 3 (Yu et al.; column 3, lines 10-11). 

The combined device differs from the claimed invention by riot showing supplying radio 
frequency excitation to the mixture Flanner et al. teach radio frequency (column 11, 

lines 38-45). Therefore, it would have been obvious to one having ordinary skill in the art at the 
time' the invention was made to incorporate the teaching of Flanner et al. into the device taught 
by Mizuo, Yu et al. arid Liu et al. because it is capable of withstanding the temperature and 
chemical environment of serriiconductbr manufacture. 

Regarding claim 7, the disclosures of Mizuo, Yu et al, Liu et al. and Flanner et al. are 
discussed as applied to 'claim 6. 

Regarding claims 65-66, the disclosures of Mizuo, Yu et al., Liu et al. and Flanner et al. 
are discussed as applied to claim 6 above. 
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9. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo in view of 
US Patent No. 6,258,688 to Tsai. 

Regarding claim 8, the disclosures of Mizuo are discussed as applied to claims 1-4 and 12 

above. 

Mizuo differs from the claimed invention by not forming the first isolation trench portion 
comprises plasma etching the first isolation trench portion using gases including CF 4 and CHF 3 
Hbwever, Tsai teaches forifting* the isolation trench' portion comprises plasma etching using 
compound gases of CF 4 and CHF 3 (column 5, lines 1 8-38). Therefore, it would have been 
■ obvious to one having ordinary skill in the art at the time the invention was made to incorporate 
the teaching of Tsai into the method taught by Mizuo because it reduces the size of the trench. ' ■ 
Mizuo and Tsai differ from the claimed invention by not showing forming the first ' 
isolation trench portion comprises plasma etching the first isolation trench portion using gases 
including CF 4 and CHF 3 in a ratio of CF4/CHF3 from 0.1 1 to 0.67. It would have been obvious 
to one having ordinary, skill in the art at the time the invention was made for forming the first 
isolation trench portion comprises plasma etching the first isolation trench portion using gases 
including CF 4 and CHF 3 in a ratio of CF 4 /CHF 3 = 0.1 1 to 0.67 because it reduces the size of the 
trench. Furthermore, it has been held that discovering the optimum or workable ranges involves 
only routine skill in the art. In re Aller, 105 USPQ 233. 

10. Claim 1 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo in view of 
US Patent No/5,874;3 1 7 to Stolrheijer. 
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Regarding claim 1 1, the disclosures of Mizuo are discussed as applied to claims 1-4 and 
12 above. 

Mizuo differs from the claimed invention by not planarizing the dielectric material filling 
the first and second isolation trench portions. However, Stolmeijer teaches planarizing the 
surface of the insulating layer (see figure 22). Therefore, it would have been obvious to one . 
having ordinary skill in the art at the time the invention was made to incorporate the teaching of 
Stolmeijer into the method taught by Mizuo, since it reduces the size of the device. The 
combined, device shows planarizing the dielectric material filling the first and second isolation 
trench portions: . . 

11. Claim 18 is rejected under 35 U.S.C.. 103(a) as being unpatentable over Mizuo and Yu et 
al. .in view of Liu et ak, and further in' View of US Patent No. 5,874,31 7 to Stolmeijer. 

Regarding claim 18, the disclosures of Mizuo, Yu et al. and Liu et al. are discussed as 
applied tb claims 5, 13-17 and 19-21 above. . 

The combined device differs from the claimed invention by not showing planarizing the 
'dielectric material filling the first and second isolation trench portions. However, Stolmeijer 
teaches planarizing the surface of the insulating layer (see figure 22). Therefore, it would have 
been obvious to one having ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Stolmeijer into the method collectively taught by Mizuo, Yu et al. 
and Liu et al., since it reduces the size of the device. The combined device shows planarizing the 
dielectric material filling the first and second isolation trench portions. 
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12. Claims 22, 24, 27-30, 32 and 62-64 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over US Patent No. 5,969,393 to Noguchi. in view of US Patent No. 6,274,457 to 
Sakai et al. 

Regarding claim 22, Noguchi (figures 2A-4B) teaches a method of forming an isolation 
trench isolated transistor comprising: 

forming first and second trenches disposed to a respective side of a portion of silicon 
(101), forming the first and second isolation trenches; 

• filling the first and second isolation trench portions with dielectric material (103); 
. forming a gate (108) extending across the silicon portion from the first isolation trench to 
the second isolation trench; and 

forming source and drain regions (109) extending between the first and second isolation 
trench portions, the source region (109) being disposed adjacent one side of the gate (108) and 
the drain region (109) being disposed adj acent another side of the gate (109) that is opposed to 
the One side. 

Noguchi differs from the claimed invention by not forming a mask on a surface of the 
portion of silicon, the mask including first and second openings corresponding to the first and 
second isolation trenches; forming a first isolation trench portion within the portion of silicon in 
each of the first and second openings, each first isolation trench portion having a first depth 
within the portion of silicon and having a first sidewall intersecting a surface of the portion of 
silicon at a first angle; and forming a second isolation trench portion within the portion of silicon 
and extending below each of the first isolation trench portions, the second isolation trench 
portions having a second depth within the portion of silicon and including a second sidewall 
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intersecting a respective one of the first sidewalls at an angle with respect to the surface that is 
greater then the first angle. However, Sakai et al. teach forming a mask (column 9, line 42) on 
the surface, the mask including ah opening corresponding to the isolation trench; forming a first 
isolation trench portion (a trench portion that has an angle of Al) in the opening, the first 
isolation trench portion having a first depth and having a first sidewali intersecting a surface of 
the semiconductor at a first angle; and forming a second isolation trench portion (a trench portion 
that Has an angle of A2) within and extending below the first isolation trench portion (a trench 
portion that has ah angle of Al), the second isolation trench portion (a trench portion that has an 
angle of A2) having a second depth and including a second sidewali intersecting the first 
sidewali at an angle with respect to the surface that is greater then the first angle (see figures 7, 
8a-d; column 9, line 25 - column 10, line 13). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time 
the invention was made to incorporate the trench-forming method of Sakai et al. into the first and 
second isolation trench-forming methods of Noguchi because it provides good electrical 
characteristics to the device isolation region. The combined device show forming a mask on the 
surface, the mask including an opening corresponding to the isolation trench; forming a first 
isolation trench portion within the portion of silicon in the opening, the first isolation trench 
portion having a first depth within the portion of silicon and having a first sidewali intersecting a 
surface of the portion of silicon at a first angle; and forming a second isolation trench portion 
within the portion of silicon and extending below the first isolation trench portion, the second 
isolation trench portion having a second depth within the portion of silicon and including a 
second sidewali intersecting the first sidewali at an angle with respect to the surface that is 
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greater then the first angle, the second isolation trench portion having a bottom portion of silicon 
at the second depth; doping the bottom portion of the second isolation trench portion. 

Regarding claim 24, Noguchi teaches forming a silicon nitride layer (102) over the silicon 
surface ( 1 0 1 ). Noguchi differs from the claimed invention by not showing forming a masking 
layer having an opening disposed therein atop the silicon nitride layer, the opening including 
sidewalls. However, Sakaietal. (figure 9a) teach forming a masking layer (104) on atop the 
silicon nitride layer (103). therefore, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to incorporate the teaching of Sakai et al. into the 
device taught by Noguchi because it protects and prevents damage for below layer. 

Regarding claim 27, the combined device teaches forming a first isolation trench portion 
comprises forming a first isolation trench portion having a first sidewall intersecting a surface of 
the portion of silicon at an angle in a range of from about thirty degrees to about seventy degrees 
(Sakaietal.). 

Regarding claim 28, the combined device teaches forming the first isolation trench portion 
comprises forming the first isolation trench portion including a side at least some of which forms 
a substantially straight linear segment. 

Regarding claim 29, the combined device teaches forming the second isolation trench 
. portion comprises forming the second isolation trench portion having a second sidewall forming 
an ahgie of more than eighty degrees with the surface (Sakai et al.). 

Regarding claim 30, the combined device teaches forming the first isolation trench portion 
(Sakai et al.;a trench portion that has angle of Al) comprises forming the first isolation trench 
portion having a first depth about 3.75 to 37.5 percent of a sum of the first and second depths 
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* 

within the portion of silicon (the depth of the first trench is about 30-300 nm [column 9, lines 43- 
44]; the depth of the second trench is about 50-500 nm [column 9, lines 60-62]; the total of first 
and second trench is about 80-800 nm). the combined device shows the first isolation trench 
, portion having a first depth of between five and fifty percent of a sum of the first and second 
depths within the portion of silicon. 

Regarding claim 32, the combined device teaches a gate comprising poiysilicon ([108] of 
Noguchi). 

Regarding claim 62, the combined device teaches the source region (Noguchi; [1 09]) is 
disposed adjacent only one side of the gate. 

Regarding claim 63, the combined device teaches the drain region (Noguchi; [1 09]) is 
disposed adjacent only one side of the gate. 

Regarding claim 64, the combined device teaches the source region and drain region 
(Noguchi; [109]) are disposed directly opposite one another on opposite sides of the gate. 

13. ,Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Noguchi and 
Sakai et al., arid rurmerin view of US Patent No. 6,258^ 

' Regarding claim 23, the disclosures of Noguchi and Sakai et al. are discussed as applied 
to claims 22, 24, 27-30, 32 and 62-64 above. 

The combined device teaches forming the first iso lation trench portion (a trench portion 
that has an angle of Al) comprises etching the silicon surface. Noguchi and Sakai et al. differ 
from the claimed invention by not etching the silicon surface using gases including CF 4 and 
CHF 3 to form the first isolation trench portion. However, Tsai teaches forming the isolation 
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trench portion comprises plasma etching using compound gases of CF 4 and CHF 3 (column 5, 
lines 18-38), Therefore, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made to incorporate the teaching of Tsai into the method taught by 
Noguchi and Sakai et al. because it reduces the size of the trench. 

Noguchi, Sakai et.al. and Tsai differ ^^^cJ^i^oa^fy^ 
the : flrstisolation trench portion comprises plasma etching the silicon surface using gases 
including CF 4 and CHF 3 in amtio of CF 4 /CHF 3 from 0.11 to 0.67. it would have been obvious 
to one having ordinary skill in the art at the time the invention was made to find the optimal ratio 
of the gases of CF 4 and CHF 3 because it reduces the size of the trench. Furthermore, it has been 
held that ^cov^g-Ae oiitimum dr workable ranges involves only routine skill in the art. InW 
Aller, 105 USPQ 233. 



over 



14. = Claims 25 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable , 
Nogbchi in view of Sakai et af., and further in view of US Patent No. 5,801,083 to Yuetal. 

Regarding claim 25, Noguchi (figures 2A-4B) teaches a method of forming an isolation 
trench isolated transistor comprising: 

forming first and second trenches disposed to a respective side of a portion of silicon 
(101), forming the first and second isolation trenches; 

filling the first and second isolation trench portions with dielectric material (103); 

forming a gate (108) extending across the silicon portion from the first isolation trench to 
the secohd isolation trench; and 
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forming source and drain regions (109) extending between the first and second isolation 
trench portions, the source region (109) being disposed adjacent one side of the gate (108) and 
the drain region (109) being disposed adjacent another side of the gate (109) that is opposed to 
the one side. 

Noguchi differs from the claimed invention by not forming an oxide layer over the surface 
of the portion of silicon, the oxide layer including first and second openings corresponding to the 
first and second isolation trenches; forming a first isolation trench portion within the portion of 
silicon in each of the first and second openings, each first isolation trench portion having a first 
depth within the portion of silicon and having a first sidewall intersecting a surface of the portion 
of silicon at a first angle; and forming a second isolation trench portion within the portion of 
silicon and extending below each of the first isolation trench portions, the second isolation trench 
portions having a second depth within the portion of silicon and including a second sidewall 
intersecting a respective one of the first sidewalls at an angle with respect to the surface that is 
greater then the first angle. However, Sakai et al. teach forming an oxide layer (5) over the . 
surface ,of the' portion -of silicon (1), the oxide layer (5) including an opemng co^ 
the isolation trench; forming a first isolation trench portion (a trench portion that has an angle of 
■ Al) in the opening, the first isolation trench portion having a first depth and having a first 
sidewall intersecting a surface of the semiconductor at a first angle; and forming a second 
isolation trench portion (a trench portion that has an angle of A2) within and extending below the 
first isolation trench portion (a trench portion that has an angle of Al), the second isolation 
trench portion (a trench portion that has an angle of A2) having a second depth and including a 
second sidewall intersecting the first sidewall at an angle with respect to the surface that is 
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greater then the first angle (see figures 7, 8a-d; column 9, line 25 - column 10, line 13). 
Therefore, it would have been obvious to one having ordinary skill in the art at the time the . 
invention was made to incorporate the trench-forming method of Sakai et al. into the first and 
second isolation trench-forming methods of Noguchi because it provides good electrical 
characteristics to the device isolation region. 

NosucW ahd Sakai et al. differ from the claimed invention by not showing plasma etching 
through^ ioxide flayer using conditions that also deposit a polymer on m^ 
plasma etching for a predetermined time interval after the oxide layer has been broached and 
continuing to deposit polyrher on the sidewalls to form the first isolation trench portion using the 
' same plasma conditions; and stopping the etching arid depositing at the end of the predetermined 
time interval; However, Yu * ai (figures 1-3) teach forming a polymer layer (6b) on the 
sidewall. Therefore, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made :to incorporate the teacWng of Yu et al. into the device taught by 
Mizub because it eliminates the top corner wraparound and protects the sidewalls against an 
etching attack from the etching gas. The combined device show plasma etching through the 
oxide layer using conditions that also deposit a polymer on the sidewalls; continuing plasma 
etching for a predetermined time interval after the silicon nitride layer has been broached and 
continuing to deposit polymer on the sidewalls to form the first isolation trench portion using the 
same plasma conditions; and stopping the etching and depositing at the end of the predetermined 
time interval. 

Regarding claim 26, Yu et al. teach etching using gases including CF 4 and CHF 3 (column 
3, lines 5-12). Noguchi, Sakai et ah and Yu et al. differ from the claimed invention by not 
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showing etching using gases. including CF 4 and CHF 3 in a ration of CF4/CHF3 = 0. 1 1 to 0.67. It 
would have been obvious to one having ordinary skill in the art at the time the invention was 
made for etching using gases including CF 4 and CHF 3 in a ration of CF4/CHF3 = 0.1 1 to 0.67 
because it reduces the size of the trench. Furthermore, it has been held that discovering the 
optimum or workable ranges involves only routine skill in the art. In re Aller, 105 USPQ 233. 

15. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Noguchi and ' 
Sakaiet al, and further in view of US Patent No. 5,874,317 to Stolmeijer. 

Regarding claim 31, the disclosures of Noguchi and Sakai et al. are discussed as applied : 
to claims 22-24, 27-30, 32 and 62^64 above. 

Noguchiaiid Sakai etal. dMer.frbm the claimed invention by not planarizing the 

dielectric material filling the first and second isolation trench portions. However, Stolmeijer 
teaches planarizing the surface of the insulating layer (see figure 22). Therefore, it would have 
been obvious to one having ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Stolmeijer into the method taught by Noguchi and Sakaiet al, since 
it reduces the size of the device. The combined device shows planarizing the dielectric material 
filling the first and second isolation trench portions. 

16. Claim 72 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo. 

Regarding claim 72, Mizuo differs from the claimed invention by not showing the etching 
and over etching of etch gases with respective ratios of component gases. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made for the etching 
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and over etching of etch gases with respective ratios of component gases because it reduces the 
size of the trench. Furthennore, it has been held that discovering an optito 
effective variable involves only routine skill in the art. In re Bdesch, 617 F.2d 272, 205 USPQ 
215 (CCPA 1980). 

17. Claims 76-78 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo in 
view of US Patent No. 5,801,083 to Yu et al. 

Regarding claim 76, Mizuo differs from the claimed invention by not showing the etching 
and the over-etching comprises an environment of at least CF 4 , CHF 3 and argon. However, Yu 
et al. teach etching using CF 4 , CHF 3 and argon (column 3, lines 10-12). Therefore, it would have 
been obvious to one having ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Yu et al. into the method taught by Mizuo because it reduces the size 
of the trench the combined device shows the etching and the over r etching comprises an 
environment of at least CF 4 , CHF 3 and argon. 

Regarding claim 11, the combined device shows the etching comprises an environment of 
at least CF 4 and CHF 3 (Yu.et al.). 

Regarding claim 78, the combined device shows the etching comprises an environment of 
at least CF 4 and CHF 3 gases (Yu et al.), and the over-etching comprises varying at least the CF 4 
and CHF 3 gases (Mizuo; HBr and chlorine gases). 

1 8. Claim 74 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo in view of 
US Patent No. 6,342,428 to Zheng et al. 
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Regarding claim 74, Mizuo differs from the claimed invention by not showing terminating 
the forming of the second isolation trench portion; and de-chucking the semiconductor substrate 
in an environment of argon. However, Zheng et al. teach forming the isolation trench portion 
and de-chucking the semiconductor substrate from the etchant gases environment (column 6, line 
52 - column 7, line 5): Therefore, it would have been obvious to one having ordinary skill in the : 
art at the time the invention was made to incorporate the teaching of Zheng et al. in the method 
taught by Mizuo because it provides a completed process of forming isolation trench in the 
semiconductor substrate.^ the combined device shows terminating the forming of the second 

isolation trench Portion; de-chucking me semiconductor substrate in an en^^^^ 

argon. . • • . . 

19. Claim 79 is ^ rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo. 

Regarding claim 79, Mizuo (figures 1 A-7) teaches a method of forming an isolation 
trench in a semiconductor substrate comprising: 

fohriing a masking layer (3) over a semiconductor substrate (1); 

etching through the masking layer (3) and exposing an upper surface of the semiconductor 
substrate (1), the etching comprising an environment of etch gases (column 8, lines 52-54). 

etching through the upper surface of the semiconductor substrate (1) to from a first 
isolation trench portion (4) within the semiconductor substrate (1), the etching comprising the 
etch gases (column 8, lines 57-59), the first isolation trench portion (4) having a first depth 
within the semiconductor substrate (1) and having a first sidewall intersecting the upper surface 
of the semiconductor substrate (1) at a first angle (70°); 
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etching a second isolation trench portion (7) within the semiconductor substrate (I), the 
second isolation trench portion (7) being formed witWn and extending below the first isolation 
trench portion (4), the second isolation trench portion (7) having a second depth within the 
semiconductor substrate (1) and including a second sidewall intersecting the first sidewall at an 
angle (80°-90°) with respect to the upper surface that is greater than the first angle; and 

filling the first (4) and second (7) isolation trench portions with dielectric material (10) 
(column 10, lines 3-8). 

Mizuo differs from the claimed invention by not showing the etching comprising an 
environment of etch gases with respective ratios of gases. It would have been obvious to one * 
havingoMinaryskillin^ 

environment of etch gases with respective ratios of gases because it reduces the size of the 
trench. Furthermore, it has been held mat discovering an optimum value of a result effective 
variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 215 
(CCPA 1980). 



20. Claim 80 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mizuo in view of 
US Patent No. 5,801,083 to Yu ct al. 

Regarding claim 80, the disclosures of Mizuo are discussed as applied to claim 79 above. 

Mizuo differs from the claimed invention by not showing the etch gases of the 
environment comprises at least GF 4 , CHF 3 and argon. However, Yu et al. teach etching using . 
CF 4 , CHF3 and argon (column 3, lines 10-12). Therefore, it would have been obvious to one 
having ordinary skill in the art at the time the invention was made to incorporate the teaching of 
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Yu et al. into the method taught by Mizuo because it reduces the size of the trench. The 

combined device shows the etch gases of the environment comprises at least CF 4 , CHF 3 and 
argon: 



Response to Arguments 
Applicant's arguments with respect to claims 1-8, 11-19, 21-32, 62-66 and 69-80 have 
been considered but are moot in vi ew of the new ground(s) of rejection: 

Conclusion 

Applicant's ^entent necessitated ' 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to thus final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Quang D Vu whose telephone number is 571-272-1667. The 
examiner can normally be reached on Monday-Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, EddieT.ee can be reached on 571-272-1732. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



qv 
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